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A Study on the Buckling Strength of Plate Panels with Opening
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Abstract

The aim of the present study is to investigate the buckling strength of plates and
stiffened panels with opening under transverse thrust and shear actions. It is observed that
the existing design formulation for critical-buckling strength of plates are not valid for
perforated plates, because the current design formulation trends can significantly
overestimate or underestimate the load—carrying capacity of plates when plates have large
opening and/or are thick. A series of eigen value and elastic—plastic large deflection finite
element analyses are carried out with varying the aspect ratio of plate, the opening size
and location on plate until and after the ultimate strength is reached. Based on the results
obtained from the present study, closed—form design formulations for the elastic buckling
strength of plates and stiffened panels with opening are derived. The derived design
formulations are considered plasticity correction of the material and verified by
experimental tests and results of nonlinear finite element computations.
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Table 5 Plate dimension and displacements obtained from global FEA

Displacements obtained from global FEA(mm)
Ship Model Plate Dimension, No. of node
Type No. axbxtxcxd (mm) direction '
1 2 3 4
X 33.840 33.833 26.644 26.565
1 2000 x 840 x 14 x 700 x 500
Container y -3.334 0.220 0.273 -4.226
A X 43.924 43.968 38.908 38.821
2 2000 % 840 x14 x 700 x 500
y -13.890 -11.842 -11.760 -14.797
X 167.280 167.240 160.350 160.360
3 1700 x 720 x 10 x 700 x 500
y -1.603 1.683 2.215 -2.174
i X 157.750 157.810 149.090 149.220
Conainer | 4 1700 x 720 x 12 x 700 x 500
y -2.293 2.302 2.200 -2.362
X -104.990  -105.430 -97.944 -97.979
5 1700 x 720 x 12 x 700 x 500
y 1.446 -2.060 -2.607 1.814
X 36.918 36.863 29.183 29.211
6 1800 x 840 x 13 x 700 x 500
Container y -2.079 1.174 1.610 -3.072
c X 43.283 43.218 40.258 40.365
7 1800 x 780 x11x 700 x 500
y -0.348 0.208 0.935 -1.502

Table 6 Comparison of safety factor between present formula and FEA

Critical Buckling St Safety Factor
Applied Stress (MPa) fitical Buckiing Stress
(MPa)
. Present Formula FEA
Ship Model
Type No. i i . i
Elastic buckling Critical buckling Elasti
astic
o [e2 T o O yer T -
* 7 v er e o Stiffened Stiffened | buckling
Plate Plate
Panel Panel
Container 1 75 364 680 167.2 61.3 113.0 | 0.93 1.52 0.67 1.07 1.35
A 2 3.7 348 59.0 167.2 61.3 113.0 | 0.94 1.60 0.70 1.18 1.42
3 4.0 31 74.5 135.1 42.2 189.2 | 1.95 2.31 1.15 1.38 1.37
Container 4 74 104 103.0 | 1945 60.7 189.2 | 1.48 2.13 0.48 0.97 2.04
B 5 304 176 81.0 135.1 42.2 189.2 | 151 1.95 0.56 1.07 1.83
Container 6 127 266 673 135.1 42.2 189.2 | 1.26 1.62 0.64 1.12 1.44
C 7 170 239 336 135.1 42.2 189.2 | 142 1.63 0.98 1.46 1.19

tHetxdsts =28 M47& M25 20104 42
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